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ABSTCT

This is the fourth quarterly report in a program designed to collect and
disseminate previously unpublished materials data obtained during recent
years by Chance Vought Corporation. The information contained in this
report consists primarily of physical property data on some engineering
materials. Altbough physical property data is of priw7 concern in this
report, there is some information presented on mechanical properties.

Mterials covered in this report are ablation materials, electrical coat-
ings, fiberglas, graphite, laminates,, potting compounds, steel and zirconia.

This is Volume IU of a three volume report, the remaining volumes are as
folovas:

Volume I - CVC Report No. 2-53420/2R373 "Mechanical Properties of Sowe
Engineering Materials - Unpub-
lished Data From Company Sponsored
Programs"

Volume III - CVC Report lo. 2-534/2R375 "A Correlation of Properties for
Various Forumalations of Sintered
Zirconia - Unpublished Data From
Company Sponsored Programs"

iii.
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Pb"Iea lupit
Ablation

BCfZW 0F ANXmo M WUA IN A 40 XV FLMNA J•R TRU
THE COLD WALL BMWN MNOING SEDM !EQUN

NMRODUMOE

Acoaftig to the literature, relnford plastic materials eht1bIt ablatten
characteristics capable of We m.e t Mu . for short p os
of time.

OB3MT

To determine the ablation characteristies of a sgpo of rainforeed plastie

COOMMOM•

As shorn by the very hih Q* value (ablation eLffIciesy), the ems-jly 1m-
mated quatz pheAmlie iaterial is sqleror to all othr metewial tested
moder the conditions of this evaluation.

A specL enms woe tested In the hO XV pleas Jet idth an 80% mitrtmgi, 20%
~lgs gos xiture. The egmsu - time ws 120 seomads at an iildmt r1ux

of 250 B!U/rm-seoomd.

1. R-120 pheolie rein - Coast •fg. and Bujly Co., Livermrej Callfomla.

2. 181 flberglass -120 phenolJc pre-preaened. - Coast efg. and BquuOy C@.,
Liveimore, California.

3. 58t/12-00 fiber q•umts cloth - Hems GOilth dm Co., Ins., New York, N.Y.

4. C-l00-29 reframil cloth pbenoli. rod - i. I. Tbomscn Fiber Glass Co.,
1733 Cordowa Street, Los Anseles 7, Callfcisma.

5. Fiberglass ib=Wic zudj foandsa M-341 - St~amz'd Parert end lqdpint
Corporatlio, 90 North Mala,, Ft. -Worth, 'eMr.

6. Fiberglass .llom red - H. I. Thcomp Fibe Glass Co., IA Angelem, Cal.

7. NAl• cloth - Wellington Searsmos.. Hrtv, Dsll•, Txs

8. Chopped fiberg•ass 1-122 P]molic - Coast Xg. mad Spply Co., Los Aeles

9. M.1801 eerPrad fiber reinfore&d P]mole



10. NM-1344-67 quartz fiber reinforced phenolic

11. NX-1370 graphite and ceramic fiber reinforced phenolic

12. M-2549 quartz fiber zirconium oxid* and carbon reinforced phenolic

13. MX-2625 silica fabric reinforced phenolic

14. MX-2630 graphite cloth reinforced phenolic

15. 26 30a graphite cloth and mineral filler reinforced phenolic - 9 through
15 - The Fiberite Corporation, Winona, Minneota.

SPECIME

The specimens were molded into a 1/2 inch diameter rod configuration. The
specimeomfabricated at CVC were molded in a Carver laboratory press.

Molding conditions are shown in Table I.

RESULTS

The test results are presented in Table II.



R.Iqple DescrIption Spe 4Cirn 7Rii-n!rorcometit kd
Nuirbe~r Direction Temperature oF

SPher~olii. }Resrn 'ions 300

~uatI -' no. iccross Ply 300

ýýefrasll Phenolic h4 cross Ply

22SEBPheno~c - olled -rertleal PI.,

Gl~ i~o.6 Rol-led -tertical Ply \TK

11-',on PhenolIc I *rOaSE Ply- N00
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Quearz fiber p~enollc Aa~kndoin 500

.:op;)ed 811ca fabric -I andoN. 300

'ere~nic fib~er phenolic 12 ~ada300

op~ed greap. i e clt3 5i u.rCIr

p:;e'ollc

,opped grapi:. te clotýh 14 Random 300

,rRn` ite cerami - fi hor
pli~et ~lie
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'1'AkbLM i

!.einforcemetit ýbdngbldiig MC) di ng
pirction Temuperature "F Pressure PSI Tim NMN.

Nne 300 1000 30

r'• Ply *, !00J

Cross Ply 00 1000 30

CroAs Ply VMD (IR FAMICA¶AED

iolled rertical PI, VWIDM FABRICATED

Rolled -tertical Ply VEM" FABRICATED

,.ross Ply 00 1000 30

rdandom 10O() lo

Aandom 300 1000 30

rancdo. 310 1000 30

Random 300 1000 30

ri•onm IL90 50

Random 300 1000 3c

30,Rai 1Zom 50
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TABLZ II

ABLATION RADIATION IN 40 IXi PLA4WA JE? IM)

Sample lincen[ Incident &cposrure Initial Final 1Weig3
Description TimeWeight 1

00 Phenolic Resin 1 250 120 .. -6.8836 4.64,89 2.231

Glams Phenolic 2 117T450 8.2576 3.48i

Quartz Pheno lic 3 12.6749 12.5124 0.16•

Refreil Phenolic 4 W0.4240 10.2386 0.185

Glass enolc 5 103059 7.694 2.701

Glass Silicone 6 1 17.5219 13.4511 4.070

Nylon lbenoJ 'C 7 7.7567 4.77T7 2.979

Random Reinforcement

Chopped Glass fabric I

phenollc 12.43975 7•57674 4.853
Chopped quartz fabric
phenolic 9 144.4572 14.22560 0.22O:

Quartz fiber pbeolic 10 13.92748 13.66622 0.261L

Chopped silica fabric
phenolic 11 15.73774 15.56697 0.1701

Ceramic fiber phenolic 12 14-9k837 11.96858 2.989I

Chopped graphite cloth
phenolic 13 12.89602 11.60514 1.290E

Chopped graphite cloth I
mineral filler phenolic 14 17.16597 16.22300 0.9429

Graphite ceranic fiber
phenolic 15 18.84325 17.96890 0.8543

Quartz fiber zirconium

• Indicates ply direction



TABLZ II

140 XY PLASMA JET? EMS IN 80% NIUO0 2o% acyOm

Final Weight Weight Inzitial Final langth • Optical
weight Lces IAMB lngth lose 44 MU/ Lb Tkmp. -am. Sec In. In. In.

4.6489 2.2347 O.O1862 1 3/4 1 1/4 1/2 8,303 3840

8.2576 3.4874 0.02906 1 15/16 1 3/8 1/2 5,320 3340

1-2.5124 o.1625 0.00135 2 3/8 2 3/8 0 1-14,52 3160

10.2386 o.1854 0.00155 1 15/16 1 15/16 0 99,740 3180

7.6094 2.7010 0.0225 2 3/4 2 1/16 11/16 6,871 334W

13.-45.1 4.0708 0.03392 2 7/8 2 1/8 3/4 4,557 3000

4.T777 2.9790 0.o239 2 1/8 1 5/16 1/2 6,444 3260

7.57674 4.85301 0.04044 2 1 3/16 13/16 38,229 3500

L4.22.56o 0.22012 0.00183 2 11/16 2 11/16 0 814,4i81 3080

L3.666:2 0.26126 0.00218 2 1/2 2 1/2 0 70,917 3050

L5.56697 0.17077 0.00142 2 3/4 2 3/4 0 88,732 3050

.1.96858 2.9"979 0.02491 2 3/4 2 1/14 1/2 62,063 3360

-1.60514 1.29088 0.01076 2 15/16 2 3/4 3/16 14,368 3460

6.2.3oo00 0.914297 0.00786 2 13/16 2 3/4 1/16 1 19,669 3100

7.98890 0.85435 0.00712 3 1/8 3 1/16 1/16 21,713 3060

5 -70_" A 0.00267 2 13/3-6 3 I'/i16 0 •7 .-_ .931 . .



Physical Properties

ILeCtriCal Coti

EVALUATION OF PROIETN" EL07MCAL COATINGS

INMRODUMTIO

Electrosic circuits function more reliably when protected from moisture,
corrosion, fungus, and dirt. This protection may be obtained by coating
electronic circuits with materials possessing suitable electrical and physi-
cal properties. Various protective materials have beas sceamend at CVC for
use an terminal and printed circuit boards. Of the materials sceeIed,
PR 905 and Becocoat VE appear to satisfy the majority of the desired proper-
ties. In addition, a new product, PS 798 (Pre iouslyXW45-4l), appeared
very promi•ing in preliminary tests and is also evaluated herein.

OBJ•T

To determine the best material for use in protecting printed circuit and
terminal boards.

CONCLUSION

All the materials tested appear to be satisfactory for this purpose. Each
material has certain advantages 3ad disadvantages over the other two. From
a production standpoint, howver, PS 798 and Eccocoat VE ware favored be-
cause of their longer working times.

MATERIALS

PR 905 protective costing material, manufactured by Products Research Co.,
3126 Los Felis Blvd., Los Angeles 39, California.

Eccocoat VE coating material, an-factured by Brson & Cuming Corporation,
869 Washington Street, Canton, Mass.

PS 798 coating material, manufactured by Coast Proseal Co., Los Angeals,
California.

PROCEDRE

I. Physical

a. Specific Gravity: Specific grvity vas determined by water dis-
placemet method by the following formula:

Specific Gravity - (Weighzt in Air)
(Weight in Air) - (Weight in Water)

b. Water Absorption: Three specimens of each material ware prepared
as follows:

A 10 mil film with an area of 2 sq.in. was cast on a 2 3/8 in. x
2 in. x O.064 in. alodined 7075-T6 aluminum panel. The specimen

s



Physical, Properties
DMectrical Coatings

panels vere veighed to the nearest 0.1 =41"gram before and after
application of the coating material. The specimens wre totally
submerged in distilled water at room temperature for 24& hours.
After the soak period the specimens vere removed from the water,
blatted, and revaighed..

c. Adhes ion: Three specimens of each material ware prepared per
paragraph 6.9, referemc (a). Bondline thickness was held to
approximately 10 mile. Tail material van 6 -ounces Dynal. Panel
material was 3/32" MIL-P-18177 laminated board. Each specimen vas
tested in 90* peel on a Scott tester jaw separation of 2" per
minute.

d. Low Teperature Flexibility: Three speciln of each material
ware prepared by applying a lO-mil film on 1" x 6" x 0.06i4 " alodined
7075 -~T6 aluminum panels. The cured specimens vare soaked at -65F
for 2 hours. While still at -650F, the specime nd~s were deflected
1/8" from the center plane.

e. Cyln:Three specimens of each material were prepared by applying
a LO-ail film on the circuit side of printed circuit boards (NIL-F-
18177). After curing, each specimen vas give five test cycles..
Each cycle consisted of the following:

1. Humidity - One hour in humidity chambers at 92% relative
humidity and 160 F tenperature.

2. High temperature -one hour at 3007

3. Low temperature -one hour at -65"F

II. Electricals

a. Insulation Resistance (500 VDC): Nine specimens of each material
were prepared as foliows:

Two bare #20 AVG copper wires, ware dipped to a depth of one inch
in the compound being tested. Wire spacing vas maintained at
10 Rails and. the coating thickness on the outside of the copper wires
was, 10 mils. Insulation resistance vas detemnined. on the cured
specimens. Three specimens of each material were subj -ated to each
of the folioving environmental conditions:

I. Humidity: 92% relative humidity at 160'F. Specimens were
then removed. from chamber to measure insulation resistance.

2. High Z!92E!rsuro (3000F): Specimens were tested while in the
oven at 300"F.

3. Low Temperature (-65*F): Specimens wore tested in cold box at
-65-F.



Physical Properties
Electrical Coatings

Insulation resistance of each specimen yes measured at 2-hour
Intervals for a total of 8 hours at each conditioe.

c. Volume and Surface Resistivity: Volume and surface resistivity
vms determined on appWdXmately 10..il thick specimens cured on
1/4" alumin,•m plates par MIL-8-8516.

d4. Dielect ric St ,t h: To specimens of each material 10 awd 20 mile
thick, resp-eively, ver prepared on a non-adLerent surface. Di-
electric strength was determined.

RESULTS

Results of the test appear in Table I.

q1



TABLE I

EVALUATION OF P1•1WME MACTRICAL COATI

DIMEADIC GTRWTH REBIBTIVITY D.C. flULATIOM RAIST•AIC
8SA JU SAWUL I

MAMAL VLT/MK S Vom sTHI THICA r S
_______ _____(in.) (ouI-CM) (0134) An-eevd After 8

kM0oaost Vs 250 0.020 0.686 8.4 01 5OOO
x 1o1 2  x 1o012  x1012

iecoamt v1 81o o.oo8 0.785 7.85 0 .015 50,000
x1012 xio161-

3000wat vi 810 0.008 - - 50,000

foeoeoat VE 935 0.008 50,000

-o.I - - -
PR1-905 870 870 0.023 11.62 12.55 o .0214

PR-905 1075 0.013 23.1 12.55 0.018. ,,012, x 1012i

P3-796 905 0.021 10.1 8.44 0.019 50,000 2

PE-796 1250 0.010 11.32 7.59 0.018 50,000 2

PHYSICAL R IRIES
Water I

SPECIFIC AADM• -65"FM4rERMA P•II Abeorpti on bI. lx CYCLIM MATERIAL ca
GRAVITY g/s•. lb/in. Flex

1000896t VE 1.0387 0.01u6 10 AF Passed Darkened Eccocoat VE Cl

S.i a~rken-
13-905 1.0702 0.0058 0 AF Passed tIi t dhardened .

_j P R•• -905 cl
S-796 1.036 o.oo24 7 A Passed I Drn

(1) Cast Presa :1aius to have e -
natd te ir ntapmntproblem.

This f-t vas evidencedl by a later
smple.•



rAKLx I

=rICAL '0ArITnrS - L3CTMICAL POPIT3iý.

1.) CyC1O 1~ioy~ m ~egacyc1.f I ~SAMPLE
-. . . . Dielectric Powr Dielectric Powr Dielectric Powr ITHICKI1S

Aftar 8 hours at 3W0F C0Mat? iactor Costant I Factor Cotutant Factor

1.5 6.0 o.217 2.73 0.oIO5 2.9#5 0.o65 0.013

1.5 .23 o4. 4 R4 0.o9•0 3.37 o.o61 0.015

1.5 .....

1.5 ....

3 •.':3 o.c•54 14.143 .-0153 3.79 o.o9 oo

33.72 0.o4 3."2 0.O156 3.19 0.056 O.O18

,e 5.-" , 5.57 o04.O, 3.71 0.1135 0.019

20 5. ?5 0 5.7'1 0.0530 0.31 0.065 0.018

M&IAL D Y C HRAiCT E- DISAJNAff)G M•'•IA ] COO?. :!D!Drf c:.-i• ;w~iý56 LI,•KY hY •
'WEIIG' ISTICS -

"Coat VES Clear 01ght2Iy a t 3-4 hours 1:1 (7ood No arparent die-
amber flexible f'5°F or I nour advuntages

at 150OF

I Clear gl- ightly 4,• ',botSi at Does not vat
',5 1 amber flexible "75"r or I hour2530 n. l ood surface easily

t 1u•0 F

Clear Slightly 4 ir trd to

7mber fl-exible ture -air in mix( )
----------------------------------------------------.. ----

8,.L/



Physical Properties
Fiberglass

THEAL COMUCTIfrV OF 0HOEYCOM SAMIKICH PAR=L

INMrAMUTI0N

In order to retard hbet buildup from aerodynmc heating, a protective low
conductivity structure is beneficial. To establish criteria for design, the
thermal conductance of proposed materials must be determined. The purpose
of this test is to determine the therml conductance of flberglass honeycomb
structure.

OBJNCT

To determine the thermal conductance of two fiberglass honeycomb specimens
with different face thicknesses and the same overall thickness.

COMCLBICI

The therml conductance increeaed vith increased face thickness (decreased
core thickness). Apparently, most of the insulation effect of the honey-
comb sandwich is due to the core; hence, a thinner core has a lower insula-
tion value (higher conductance) for a given overall thickness.

PRO-ZUR

I. Fiberglass Reinforced Phenolic Honeycomb fbrication

A. Skin Fabrication

The follo•in lainates were laid up parallel to the warp and
cured at 3001.

111 One 6 -ply ,-120-11 9 x 17"
2 One 3-ply F-120-11 9" x 17"

(3) NO l-ply F-0-11 9" x 17*

B. Core Preparation

Tw 9" x 17* 5.5 pound density HRP fiberglass reinforced phenolic
cores rere milled to the following thicknesses respectively -
o.116" and o.1i46".

C. Sandwich Fabrication

Panels were fabricated by bonding the skin laminates to the core
sections using Bloomingdale Rubber Coqsny H2424 Adhesive.

One surface of each core section wu the one ply skin. The six
ply laminate vs bonded to the 0.116 core and the three ply lani-
-ate us bonded to the 0.146 core, thus the overall thickness of
both specimens vs approximately the &ame.

9



fl. Therma Conductivity Measurements

A. The thermal conductance of all specimens m measured on a
guarded hot plate apparatus conforming to AS'TN-l77-I5.

B. The guarded hot plate unit consists of a central metered
beater section four inches square. This section is heated by
a chromel "A" resistance wire of approxiately 19-ohm re-
sistance, maxmtm wattage is approximtely 720 watts at 120
volts. A 1,000 watt guard heater section surrounds the central
heater section. A 1/8" air gp separates the guard and central
heater face sections. A precise temperature balance between
the metered and guard sections is achieved by a Brown drive
amplifier actuated by a differential thermocouple. The drive
amplifier regulates an autotransf-rmer supplying power to the
guard ring heater. This maintains the same temperature in
both the metered guard sections.

C. Identical specimens of the honeycomb panels were placed on
each side of the hot plate with the thicker face of each panel
toward the hot plate. The outer faces of each specimen were
cooled by 8" x 8" square water cooled copper cold plates.
Iron-constantan thermcoutles were attached to each specimen
face with catalyzed epoxy resin or ceramic cement (Rusco 749).

Intimate thermal contact of the specimen face and heater sur-
face was achieved by insertion of soft asbestos paper layers.
The cold surface interlayer wis also asbestos in the first test
of this report but was changed to alumimum foil when it became
apparent that inadequ•te cooling resulted from use of asbestos
inserts at the cold face.

Sufficient power was applied to the central heater to maintain
the desired temperature differential between hot and cold faces.
The system was allowed to come, to therml equillbriua, and
measurements were mode on the hot and cold face r•attres-
as well as the power input. Thermal conductivity "r[ ms cal-
culated as follows:

K g
A T

Where: -

K w The therzl conductivity in

M - In.
ft.4 hr.-•

q : power input to central heater in BTU/hr.

1 - thickness of specimen in inches

A 0 sf of the central heater (both hot faces)
T a the temperature differential betwmen the hot

and cold face 1 the specimen (averae)

to



REULTS

Test data are recorded in Table I and f!s~s I and II.

II
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Physical Properties
Graphite

THERMAL SHOCK IrqT OF COATED GRAPHI7

INTRODUCTXON

The purpose of this evaluation is to determine the thermal shock resistance
of siliconized coated ATJ graphite.

OBJECT

To determine if siliconized coated ATJ graphite can resist a thermal shock
rate of 150 degrees per second when heated from room temperature to 3000F
and also resist rapid cooling.

CONCLUSION

Siliconized coated ATJ graphite can resist a thermal shock rate of 150 degree
per second when heated from room temperature to 3000"F and also a rapid cooling
rate of 43.5 degrees per second from 3000 to 2=00F.

RKCXDURE

All thermal shock testing was performed in the 40 KW Plasma flame. Temperatures
were measured by radiation pyrometer and times were determined by stop watch.
The specimens were rods of ATJ graphite 1/2 inches in diameter and 1 1/2 inch
long which had been siliconize coated at National Carbon by the pack diffusion
process.

Specimens Number 5 and 7 were preoxidized for 5 minutes at 50004F in the
plasma flame using a gas mixture of L0- nitrogen and 20% oxygen.

The specimens were examined and weighbd before testing for thermal shold.
The pre-oxidation treatment caused blistering of the surface contauition.
The specimens were exposed to a thermal shock rate of 150 degrees per second
from room temperature to 3000*F and cooled slowly. Examination of the speci-
mens revealed no detrimental effects to the coating.

Specimens Number 8 and 12 were heated slowly to 3000OF in the plasma flame.
The flame was extinguished and a cooling rate of 43.5 degrees per second
from 3000 to 2000OF was determined. Inspection of the specimens after testing
revealed no detrimental effects to the coating, however, some blistering of the
surface contamination was observed. The specimens were then heated to 2000*F
for 1 hour in the Cooley furnace as an oxidation proof test. The small weight
loss is negligible and can be contributed to the oxidation of surface con-
tamination on the specimens.

RESULTS

The test conditions and weight changes are found in Table I.

i5
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Os~te

OX3MIO WALWmcE Or COAMGPHT

Tbe purpose of this evaluatioa Is to 6&tinali the high t-stnye GIOG1itims
of sx1lcomiseo a oated AIM g rp t ina es ddi ung stmopbwe.

Fiftee 1-lnsh cube speames of AV Vqplite asilim ase4 by the Natioal Carbon
Peak 41frio. INM -e frw 1-imah cube sposimem af U 8l te a11immised
by the INatioal Cam peck dif'rusim pooses but vith a ligt lp dty Sur-
face r subtted to the Strectuem Materils Labrtory for this lwst ga-
tien.

CBET

To 4etrmne the odatilm resisteane of ailieoased cated graphte at ele-
vated t•ost.

The silicomised 2JT pqkit. coated by the National Carbon pok diffusion mpocess,
vhich formd a beta hulen carble coating i not eiAdise whm esmosed to
330"F for 1 kwur I&an air ato.sher.

Tim sillcomised U rphite oated by the Natioal Carbon pk 4iffsi•m process
ideh formed a costing with beta silicon cortazW1 as the major •Uitumt ,nd
alpha silicon umibi as the minmor oeettummt sboa m oeo atiomn
esipoed to 3300 for 1 hour in an air atmospere; bowevr, the ddatiao 4d4
not peamtrate the silicamized coating.

The specimensme aighd, pbafto---- and X-rayed bar= d after each test.

A. Specimen No. 1 wa teteed in the Plasma fme wtth a as miwxtue of 80%
nitroge and 20% sWm at 30"71 AW 10 Ml•,AD4. The fir of f , s.Utace
contamiation observed at (pgsmately 2207 ad continued troughout
the duration of the test. The Snil•te specim did mot 41e, bower
the s3lght w l vs eontributed to the eahntioe at the frme em-
timatim ea the •rwfem. go Gtu effect, to the specimen we
sborn by X-r emelvsis.

B. Specimem No. s ve tested • n the plama fle w1ith a gm mil•w rf 8of
altnos. and 20% ;@ at 3W3o for 10 UMw*is. The fiW of the Sdrfae

AreimaLttim va again observed at 2200F at contined thmou " th
-tics of the test. It sbwuld be meted that bubbling at this e- fta
maitmuationvs o bserved an the sides of the asaeim. huing testiagphowa



the specme me ooeleL, the bubbles solidified leaving blaters an the
surface. The ~~to specismen did met o~idtses boWSWO the a11i0 weght
gain was contributed to the 4addtiow of the cismt~.atOIMSatO the MUftMs.
NO eW3t4 ffects to the speolmmn ur abov by X-r analysis.

C. Specimg No. 5 and No. 17 were tested In the plawas flame with a Mas mixture
of 80% mitroben eed 20% aqema at 3300*Y for 30 smimtes. SPeelme NO. 5
bada cosating af beta major sed aljha minor silicon earbide. 2U. flew of
surface cwtudnatian was again observed at 220V?. The htawe fese of the
specimes ocatained, smill oxidation pits vieh hat not peetrated the costing.
A slight weight goinwas measured id6h was due to the asdetiam'of the Mar-
face ecuteminatios. The surfas. pits wer eridset by X-ray anlysis.

Specimen No. 17 had a coating of beta, siliocs @arbids. 3b ocidetlmn
Occurred. during testing. The slight wel loss Is &a to the volitalisa-
tian of the surface eouantinatian. 1-ray analysis showd medto mna
effects to the specimens.

Specimen No. 17 was superior to Specime No. 5.

D. speiaL~a no. 9 and No. 16 uere tested. is the plaoite, resistance furnace
for 1 hou vith an air saceopher. Speciasa go. 9 vidah had a beta major
an alpba mior uilicac carbide coating e~dbiteA sever blistering an the
surface. The blisters mer romovel ftrm am* face of the specimns rveal-
Ing pit ozidatios ot the specimen surface. X-ray analysis reveled. the
presence of the pit orilatiam unde the surfase blisters.

Specimen No. 16 &AL a beta sli oca carbide costing. This grapidte sped -
am did not oxidize, however a &light ueiot inereae was floud which vas
due to the oxiation of the costsenticm, am the surface. X-ray anailysis
shoved. no detrimental effects to the specimen.

spectimn No. 16 with the beta shiion carbide coasting was sprior to
Specimns go. 9 viich had the beta major alphminr sd illeca earWA.e wsoting.

E. Specimens No. 10,, 11, 19, an 18 me tested in the sireadia pot faraes
for 1 bau vith an air atmosphere. Spesid No. 10 an go. 11 mhieb had
the beta major alpba minor silicon carbide Awasking e~ddibted severe blis-
tering an the surface. The surface eauI mitiou was rewo revealing
pit oaidstIon an ths specimen, surface. It should be met"d tha the pits
did nt pentrate eam~ietely thycagh the ali24oaized. contles Speaimen
No. 10 had a weghIt loss of 3%5 and Specimen No. 11 hal a Agtless of
3.43%. Thsis ight loss was due to owidation. X-ray analyis revealed the
presence of pit azidaetion.

R-p, t m No. 18 an No. 19 had the beta silicon carbide csething. Thes
specimens did not oadize although a small weight lass uas measured.. This
waght lass Is apparently due to the valitisation of the surfese eatmt -
nation. The surfacoe of the specimen rwUtaimd a smal. awan of 8102.
X -ray analysis sham.a no Stristlefects an the specimes.



REUIMS~

Table I show the test method aMn per cot weight change of the specimmns.

TABLE I

RESULTS 0 OXIDfrIOZ VAUXATIC OF SILICOKIZU GRAPHITE

Specimen Test Couixtions Weight Groo
Number Tp. Time Mrthod Before After C-hange Change

or__ min. I_ _ _ I _ _ _ __ _ _

1 3000 10 Plasma flan 29.59346 29.60586 + .01240 + .0
2 N Not tOeted 30.-1412
3 Not tested 29.9e438
4 330 10 Plasma fin 29.8h831 29.8825 4 .03423 + .12
5 3300 30 Plasma flame 29.90901 29.98339 + .07438 + .25
6 Not tested 29.69796
7 Nat tested 30.oW678
8 Not tested 29.5M4717

3000 60 Graphite furce 30.09382 29.69172 -. 1l.O -1 -.34
10 3300 60 tZirc. Pot Purn. 29.51908 I28.1832 -1.032761 -3.50
Ul 3300 60 Izir. Pot Turn. 29.78738 2.77034 -1.01704 -3.-3

12 'Not tested 30.33786
13I Not tested 29.73793

S14. INot tested 30.13563
15 Not tested 29.77567I16 3000 60 'Graphite fuarnace 31.90355 31.98751. + .08390 + .26
17 3300 30 Plasma fl.me 30.50052 30.125 .080W7 - .26
18 3300 6o Izir. Pot Turn. 30. 1120 30.29027 .123ge - .41
19 3300 60 zire-. Pot ft=. 30.38185 30-32 .o6w7h - .2o



Pysical Propertles
Graphite

THR1L CYCLING TM ( ILICOZD GRAPSI

INTRODUCTION

This report presents the results of thermal cycling tests performed on
specimens of siliconized graphite.

The purpose of this test is to verify the thermal integity of siliconized

graphite under temperature and constant load conditions.

Tests were performed on three specimens. One of these conpleted fto
cycles without failure and the remaining two failed late in the fourth
cycle.

MZIAL AND SP3CIJU

Three siliconized graphite specimens for thermal cycling tests were made as
shown in Figure 1.

Three specimens were tested according to the 3000*F teqersture-time data
(Table I). The center cross-section of the specimen was measured. The
specimen was the installed in the test fixtui-e so as to maintain a constant
compression stress of 845 psi. Test cycle vms as follows: (1) apply com-
puted load, (2) apply beat according to te.rature-ti- data (0 to 60 nuates)
(3) allov speciens to cool to room temperature and rmeve l , (&) apply four
cycles per specimen, (5) weigh test specimen before and after tests.

HISIULTS

Table Il presents the results of the thermal cycling tests.

to



TAWI2 I

TWI 8GUJ

0-41.10 1350 - 240
10 - 20 2420 - 2770
20 - 30 2770 - 2980
30 - 35 2980- 3OO
35 - 0 3000 -2980
40 - 50 2980 - 2630
50 -60 2630 - 1490

I



SPEC MI AFPE& WZIM (ORk3)
NO0 BrFMU APrM RWSM

1 .510 .2043 53.1322 50.1348 Completed 4 cycles
2 .507 .2019 53.2018 Failed after 55 3mn.

of 4th cycle
3 .509 .2035 53.4213 Failed after 40 min.

of 4th cycle

i I,
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FIGURE I

TYPICAL GRAPH ITE SPECIMEN
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Pbysica2. ProPWUtl
Laniante

ANAMOR WflJDIU OF QUARZ RIIWO ICI PH=LC IX
A 40 Ky PJBMA JR AT VARUU T= COUDITIGI

n R0TINIOE

Screening tests of ablation materials indicated that lamiated quartz pbamilic
specimens were superior to all other specimmas 've tested undr the comfitiow
stated. Ist orde to -or clearly evaluate the above material, addtiona test-
Ing undr controlled, conditions in required.

OBJECT

To determine the ablation characteristics of cros ply lamnated fiber quartz
pbemolic material under controlled conditions.

COWLIMIM

In all cases, fusion occurred at the "seefaof the fiber quartz r'einforced
specimes. Sawyver, at the 500 BEU/ft'-eecomd heat flux level,, ablative flow
of the quagtz wem observed. Tbis is shoim by the linwr Q41 value at the
500 BTU/ft~-second level as compared to the values obtained at the othe flux
levels during the 120-second expsurs.

It Is also sOn 1 tkat at the 250 WI"U/ft 2 e.oeod level, ablation times of
20 minsutes or more cam be expected.

MDAXMU

1. R-120 pbsnolic resin, Coast Manufacturing and Supply Compaqy, Liverore,
California.

2. 58&/12-00 fiber quartz cloth, Bess Goldsmith sad Co., Inc., 14WC Broadway.,
Now York 18, N. Y.

3. 181 fiberglass 7-120 phemolic pire-prepasted, Coast Manufacturing sad

Supply Compay, Livermore, California.

SMWL3 PRWARAICE

1. Fiber quartz pbanlle rods

The fiber quartz cloth was ixmpregiate with R4M2 phenolic resin by the
spray mothod in the CYC plastics shop. The rsmin man them B"r fted
at 180Fi for 3 hmmr. One-half inch diater aisks vw than 46% flu
the pro-impregated material, placed in the 1/2 inch dismeter antd sad
aure& The curing conditions used more 1,000 psi molding Pressene, 3001
molding t bpeaum, for 3)minutes.

1.4



2. Fiberglass vb=molia rods

The fiber ,lash pblihaeo anternal vas purchased in the pr-eP.. GNsteA4
"B" staged comdltion. One-half Inch diameter disks v eut from the
pe-iqpegat4d material, placed in the 1/2 inch diamter mold
cued u. the same cotltlasm used, in .a0Aing the fiber quarts plbmolie
specimems.

TNT COWZ•'

Three roups of speeimms wre4ted, in this evaluation. For the first
gup, a heat flux of 250 MIJ/ft'-eecrd s wo lh" eorntst white the 49006=
tim vas varled For the semd. pomzp sm ewosure time of 120 se" N" vs
held camstast while the heat flux ves varied In the third.g p . =a
spe•iame vas bhld at a W," angle to the fime ad eoed to a hst flux of
250 MTU/ft 2 -eec=A for 120 secand. A saeow speiamia was placed in =m imfula-
tion block of siroia and eoed to a heat flux of 25.0 B''U/ft'W-esAm fc-
120 secomis.

Testing vs perforwme. in the 40 KW plasm Jet with a gas mixture oa 80 per
ont nitr•op and. 20 per caut oaqg . Eept for the insulated speosiman all
specums vere tested by the cold wall shield movin'g speaimm techmniue. All
ealeulations w based an the calibratian of the Miller climeter. Opi-
cal tamperature us recorded for all specimens.

Results oftdds investlatian are shorm in Table I.

2.5



TABLE I ABLATION RADIATION IN A 40 KW PLASMA

MU1M IN 80% NITROGEN 20% CXYGE

Sample Specimen Incident j&iposure Initial Final Weight iWeig
Description NO. flux Tim Weight Weight Lois LoI•

______ _____ ____ _____ ___ t 2  sac- -

n'P/tU came(, am . . Ma, ... ls/,

Glass Phenolic 1 250 5 sec 16.3649 16.15024 0.2147 0.0o42
Glass Phenolic 2 250 50 sec 16.3346 14.50055 1.8340 0.036

Quartz Phenolic 3 250 5 sec 14.4835 14.33794 0.1456 0.029.

Quartz Phenolic 4 250 50 sec 15.2683 14.98036 0.2879 0.005'

Quartz Phenolic 5 250 20 min 12.48505 12.21800 0.2671 0.00w,

Quartz Phenolic 6 65 120 see 11.27018 11.2161 0.0541 O.O00

Quartz Phenolic 7 100 120 sec 14.29660 14.15391 0.1427 0.001.

Quartz Phenolic 8 300 120 sec 14.9274o 14.8331 0.0937 0.000"

Quartz Phenollc 9 500 120 sec 12.88022 11.96689 0.9133 0.007(

Quartz 45 Angle 10 250 120 aft 11.96689 1.87494 0.0920 0.000o

InuarsgI-ulated 11 250 120 see 9.74190 9.16159 0.5803 0.00

_ ______ ____ _ _

Lii.



ABIATION RADIATION IN A 40 XY PLA34A Jr

MTOMM IN 80% NITROGEN 20% CXYGEN

Initial JFinal Weight Weight Initial Fina.I Leagth Q Optical
Weight eight ID Loss BTU/Ib. temp 7F

16.3649 16.15o24 0.2147 o.o429 2 13/16 2 13/16 0 3,4oo 3200

16.3346 14.50055 1.8340 0.0367 2 5/6 2 3/8

14.4835 14.33794 c.1456 0.0291 2 1/2 121/2 0 5,666 3200

15.2683 14.98036 0.2879 0.00576 2 3/4 2 3/, 0 ?8,333 3200

12.485o5 12.21800 0.261 . o0o000223 ,02 3/8 2 3/8 o 6 0o,0 3200

11. 27018  11.2161 0.0541 0.000451 2 13/16 2 13/16 0 M6,080 2200

14.2966o 14.15391 0.1427 0.00119 2 1/2 2 1/2 0 54,400 2450
14.9274c 14.8331 0.0937 0.000781 2 3/4 2 3/4 0 •4,800 3300

12.88022 11.96689 0.9133 0.00761 2 3/8 2 3/16 3/16 ý0,800 3500

11.96689 11.87494 0.0920 0.000767 - -- ,000 3160

9.74190 9.16159 0.5803 o.oo484 1 7/8 - 31,460 3200

_ _ _ __ _ _ _I '!
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ABIA1ON RADATION IN A 40 KW PLASMA JET
zCPOSWRM IN 8" NITROGE 20% OXYGE

Initial Final Weight Weight Initial Final OpticalTWeight Weight LoseLoss Length Length Loass BTN/b. temp OF
. .,_. -- am, .n in, in. I .. •n, I_

16.3649 16.15024 0.2147 0.0429 2 13/16 1-3/16 1 0 3,400 3200

16.3346 14.50055 1.8340 0.0367 2 5/6 2 3/8 1/4 4,250 3200

14.4835 14.33794 0.1456 0.0291 2 1/2 2112 /0 5,666 3200

15.2683 14.98036 0.2879 0.00576 2 3/4 2 3/4 0 ',333 3200

26712 8 2 3/8 0 63o,ooo 3200

11.27018 11.2161 0.0541 0.000451 2 13/16 2 13/16 0 X6,080 22001426o 145 00119
14.29660 14.15391 u.1427 C.oo19 21/2 2 1/2 0 54,4oo 245o

14.92740 14.8331 0.0937 0.000781 2 3/4 2 3/4 0 ",8oo 3300

12.88022 11.96689 0.9133 0.00761 2 3/8 2 3/16 3/16 ý0,80o 3500

11.96689 1.87494 0.0920 0.000767 -0- - ,00o 316o

9.74190 9.16159 0.5803 o.oo484 1 7/8 - 31,460 3200



Physloa Properties
Pottifnt CIOURs

VALUATIO OF RIGD NLUCTICAL Uinýi COMItAMS
FOR UDR 1n= -559C TO 125*C

A rigid eleatramic -I t compou Is required for me is ooter modxa•e.
Theme s ar rqire to functiom at tmeratures ranging frm -55bC to
12'C. 3amoe al fabrication at the modules ads the requiromts that the
sefimt material have a 1lw viscosity and be vorkable for seveal bmws after
mixin. The ]lpwse of this text In to evalst* rigid embebmet materials for
modle aehot applicatioms.

OBJ•1CT

To deta.ne if the following materials possess the nmeessary physical, eles-
trical, and b.I -a properties for module ambedment applicatlimo:

Shall. Ep. 828 p~lus curing agent Z

Shell Ep.n W8 plus curing agent D. (Note: Whom used in proportions
saeciied herein, Rpam 828plus curing agent D ameets requiwem~mts of
KM-I-16913)

Semite IM-1200

Soatcheast CR? 236

COMMlBIOM

Shell ]*a 828 has excellent hsical, electrical, ad ha5,in properties
wbm catalyzed vith Shell curing *Seat Z. Zpa. 828 resin catalyzed with
curing sat D yielded equ.valmt electrical properties but slightly poorer
pysdical yparties; I.e., rosistamse to thermal shock than the curing ageat
Z, BV= W mix. In additiam, the vorlife of the curing agent D, Rpm W mix
bed too little morklife for oa•tinuous or autoate opsration. Testing of
Semite IM-1200 *an Scotchoeast CD 236 es diso•atimmed wa it vas determined
that their handlin• crateristics mv totally unsuitable for the autnteu ,
operation praposed for manufasturing the mnodles.

Shell R• • 88 evm d. resin,

Shell Curing Agnot Z K, ad

Shell Curing Agent D - all mamsfactureA by Shell Cheical Corp., Eobtton, Toem.

Smite M.-1200 A/B epzde resi and curing agent amuMaftured by Smooth-4a,
Jersey City, N. J.

?-"7



Scotcheast CMW 236 evozid. resin manumactured, by minnesata mat-iu and. aman-
featuring Co., St. Paul, Minn.

PROCEDR

I. Preparation and Curing of Materials

A. Span 828 - curing agent Z

1. 20 perts of curing aget Z yere blended vith 100 parts of Rpm
828 resin.

2. The mixture vw evacuated at 27-29 Inches Hg. for 30 minutes.

3. Castings in scess of 1/8 inch minimmm diIteor wre cured
1 bour at 1800F. Coatings vith less them 1/8 inch minium
dimension ware cured 2 hokur' at 180F.

B. spon 828 - Curing Agnt D

1. 10.5 parts of curing agnt D vere blended with 100 parts of Epon
828 resin.

2. All Uon 828, curing ag D specimens e cured. 1 hour at 20007.

II. 2i! P -ies

A. Specific Gravity

1. Cylindrical specifhns 1 inch in diamrter and 0.5 inch thick were
cast in polyethylene molds (Cannon cap #4198).

2. Specific gravity of the cured specimens was determined by the
water displacement method.

B. Hardness

1. Colman Smith hardness was determined.

2. One specimen of each material vas tested at 125*C and at 25"C,

C. S'bhreal Shock

Resistance to thermal shock was determined.

D. Moisture Absorption

1. Weighed specimens, similar to those described in II.A., ware con-
ditioned in the hauldity chamber operated per MIL-9-5272A.

2. Each 2 1 -hour period, the specimens ware raved frc the cbmsber
blotted dry on the surface, and revigheid. Total test time was
11 days.

Z8



S. Coosioan Resistac

1. 2 x 1 3/8 x 1/8 iah specimes of each material VMS st Omn
3 z 6 inch pawls of aas d almmm, -go -, sliver-plated
coap -, - ail.-plateo eam'e.

2. The pwmls vem xosed in the salt sp" emmber for 6 i .
The peams - re a for sigs at corrosiom at 24-hor
intervals.

F. A;Vli.atiom Tim us 4etendne.

III. lestrioa Proprties

A. Dielectric Strength

Dielectric stegh was etmned an 6 x 6 z 0. 050 inch speciemns
of each material.

B. Dielectric Constant mad Dissipatiom Factor

Dielectric coetant ad dissipatiom factor wer detu d vith
a Dem D-K analyzer.

C. Volume and Surface Reistlvlty

Volume resistivity -n surface resistivity rue deterined on
6 z 6 inch spmenis. The pael mode f so= W8 with curing
spat Z vs 0.11.5 inch thick an the paml mm& from Bpi in 8 with
curing agent D vs 0.110 inch thick.

D. Insulatiom Resistance

1. Tw electrodes 0.25 inch log by 0.03 inch in diamater ve
a 0.3 inch apart in a 6o6146 alimiam tube, 1 inch long

z 1 inch in diameter wich ves ea@bee with aW of the mate-
rials. The electrodes vmee formed by stwripi.g 0.25 inch see-
tionm of imnulatiom f the oenters of 24-inch lemgtbe of
sidiUm-maphthalm-.treated, teflon-inaulated Awe, MnL-V-16878-
EM0.

2. The initial insulation resistance us measured at 100 V.D.C.

3. The speciems ve tested at three t'garstures - 12rC, 4WO C,
an -55C. Three speciuams of each material mu hald at con-
stent t-s-merturs fbr a total of 216 hours. The insulation
resistance us deteawmine at 24-bour interals.

4. Three specimens of each material me cditiomed in the
nmdi4tty chienber per DIL-Z-52T2A for 216 hours. Insulatiom

resistan of the specim•ns as measured each 24 hours at 160F
mad 9% relative humidity.

2.9
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Plraical Proprtie

Potting Compous

]WAUJATO5 01 O iL'FTRJ C U U I MUINA FOB DOE AT 1.oF

1 P IDJCTION

Eleetromic modules embsdmsd per standard procedure have not performed wll
during moisture envi.1mmta qualification of certain electronic equipmst.
This ooamitioa macessitateA tke qualifIcation of inmpv meterials ftor this
purpo@. In addltiom, seme growth potential with respect to temperture
limitations Is desired.

To d•termine if N4 I 1663 potting compound or 3H XD-..g845 -aerimeta mgte-
s1al has the necessary electrical and physical lroprion for a" in nodule
embedmt applicetion.

CONT.J.BIOE

Minnesota Mining and Mfg. E 1663 mbed•nt compound has ezeelleat electri-
cal are Pbysical properties for =odul* mbednet ampplications. The 3gni-
=Itel compund, XD-9118i15 will require further devvealc t by the mmufaturer.
The electrical properties of Xh-9118.5 fell sharply as the tVVertur -S
increasd.

E 1663 Silicone smbedeet co•md.

XD-9L18h.5 ezerimmntal masterial.

O 91118-13 Primar for XD-91l)U5, all manufactured by Mineota Di nind Mfg.
Conmam, ft. Paul, Minnesota.

Churchill G-75 ili.om primer manufactured by ChurchIl Checal Ccmpay,
Los Angeles, California.

PROCNMrM

I. OANlL

A. Primers

1. Silicom (IC 1663) speciew mu ere poimed with 0-75 pWUN. Tmh
primer imallowed to cure 30 minutes to 1 hour prior to appi-
cation of sealant.

2. XD 9X1835 GpeCImecs ver. primed vith XB "1-13 PimerW. The
primer we air dried 30 minutes plus 30-minute cure in circu-
lating air owe at l80?.

5L



B. Cure

1. HC 1663 specimens were cured 7 days at room temperature prior
to testing.

2. XD 9U1845 specimens were cured 3 hours at 200"F plus 7 days
at room temperature.

II. PHYSICAL PROPERTIES

A. Specific Gravity

1. Cylindrical specimens 1 inch in diameter and 0.5 iDch thick
were cast in polyethylene mold (canaon cap #498).

2. Specific gravity of the cured specimens was determined by the
water diasplacment method.

B. Viscosity

Viscosity was determined on each base material and each mixed
material with a Brookfield Viscometer. A number 6 spindle was used
at 4 rpm.

C. Application Time

Application time was determined.

D. Water Absorption

1. Weighed specimens, similar to those described in IIA, were
immersed in distilled water. Each 24-hour period the specimens
ware remoed from the water, blotted dry on the surface, and
reveigbed. Total test time us 10 days.

2. Test II.D.1 was repeated except the specimens were conditioned
in the humidity chamber operated per MIL-E-5272A.

E. Shear Strength

1. Preparation - One-inch lap shear specimens were prepared with
the following system:

a. G-75 primer plus EC 1663 compound
b. XS 9118-13 primer plus XD 911845 Compound
c. No primer, XD 911845 compound

2. Conditioning - One set of three cured lap shear specimens of
each system above was conditioned in each of the following
enviroinnts:



a. Controls (no conditioninag)
b. Aged 100 hours at 4507F
c. Aged 100 hours in haumidity chamber operated at 95%

relative humidity per MIL-E-5272A.

3. Testing

Each conditioned specimen van pulled on a Bald~vin Tensile Machine
at a rate of 4,000 pounds/minute.

F. Primer Application Method

1. Alodined 6o61-T6 aluminum panels, 2 x 6 x 0.032 inches, vere
prized with either G-75 or XS 91118-13 primer by each of this
following methods.

a. Brush
b. Dip
c. Spray

2. Each primer specimer, was coated with the appropriate'sealant
and cured.

ý3. Each specimen vas inspected to determine adherence of the
sealant.

4. Each specimen vas aged 10 days in the humidity chamber operated
at 95% relative humidity per MM1-9-5272A and reinspected for
adherencet of sealant.

III. ELETRICAL PROPERIES

A. Dielectric Strength - Determined on 6 z 6 x 0.063 inch specimens.

B. Volume and Surface R~esistivity - Determined on 4 x 4 x 0.125 inch
specimens.

C. Dielectric Constant and Dissipation Factor - Dielectric constanrt
and dissipation factor at 10 KC vere determined with a Delsen D-K
,analyzer.

D. Insulation Resistance

1. Two electrodes 0.25 inch long x 0.032 inch in dimteor were
spaced 0.3 inch apart in a 6061-T6 aluminum tube, 1 inch long
x 0.875 inch in diameter, vbich was embedded with the sealant
material. The electrodes vere formed by stripping 0.25 inch
sections of insulation from the centers of 24-inch lengths of
sodium-naphthalene treated teflon-insulated wire, MIL-W-16878-
NE20.

2. The initial insulation resistance vas measured at 500 V.D.C.
potential.
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3. Three specisa of each muterial vere raised in 50F increments
to s507F. The specimens ywr soaked at esch incremental teapera-
ture for 30 minutes. The lnsulation resistance vam measured at
the end of the 30-minute soak period. The specimns wea main-
tained at 450*F for 240 hours. Insulation resistence vs measured
at 450oF each 24 hours during aging.

4. Three specimens of each material ver a@ed in humidity chamber
per MIL-E-5272A for 240 hours. The insulation resistance of the
specimens vs measured each 24 hours in the hinidity chamber at
160°F end 9% relative humidity.

RESULTS

Results are given in Tables I and II and Figures 1, 2, and 3.
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TABLE I

PHYSICAL AND kaACTRICA. IROPEETIES OF WON=

Material Spec ific Viscosity Water Abso tion Shear Strengt

Gravity (poise)After After Controls Aft

Base Mixed 24o hrs. 240 hra. (as cured) Agi
-ar - Immersion in 95% 240

in R.H. per at
Distilled MIL-E-5972A
SWater

8c 1663 1.48 316 351 I No Wt. 1.1$ VWt. 527 CF 267
9.Gain Loss

1% 720CF(2) 290
45 B/A 150 AF (3) 130

Material Volume Surface Inaulation Diel•e
Resistivity Rieaistivity Resistance (W) at 10
(c1M - CM), (01W.) (MEG - 03.1) (4)

Ec 1663 C6.7xlO±3  l.7xlO14  500,000 500,000 50O,C0(W

KD 9118 1.Clo 9  iA.8xlO9  5,4o0 47 7 2.3
-45 B/A

(1) Sce Figures 1,2 and 3 for Aging Characteristics.
(2) Primed with YX-91!313 B/A Primer
(3) UaPr imed
(4) Graphic Presentation In Figure 1
AF - Adhesive Failure
CF - Cohesive Failure
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TABLE I

'AI, PR0PETIES OF EKBFaOMT MATERIALS FOR 450"F APPLICiION

Shear Streng_ (pL- i) Application Cure Dielectric
Controls ! After After Time (hre.) Cycle Strength

(aI cur-d - -(V/MNI)(as cured) Aging Aging ..... ...... _(/ML

240 hrs. 240 hrs.
r at 450"F in 951
ý272A R.H. per

t. 527 CF 267 CF 383 CF 3 7 days 440
at 77"F

70C(2)92 CF 2) 5W CF 2 2 16 hrs. at 0
15 AF O3) 13 A 100 AF 160"F

followed by
2 hrs. at
200'F

Dielectric Constant Dissipation Factor Primer
WI) at 10 KC at 10 KC Application

_._ . .........

500,00C 4.3 0.009 Brush or Dip

7 2.3 10.7 0.125 Brush, Dip or
Spray

_ _ _ _ I _ _

S. .... !r



TABLE iI

INSULJkT.10 £IESISTANCE OF nATERIALd FOM 40OF AP; LIC-Aft'IO

Test Specimen Test
Material Condition Number Leads 0 2rs. 2 ro rs. 48 Hrs. 72 Hire. j96 R

A to Grd. IW,OOO IOOCK)O 1iOO,OOO iOO,(00 O 10/
1 B to Gad . 100,000 W.O, -;)Q i00,0OO 100,000 100,

_____ A to B 500,"0 -500,000 500,000 I 500,'450"F - OOOO -VO---•
A to Gad. 100,000 1o5W,000 100,000 500,'

2 B to Gad.. 100,000 100,000 1500,000 100,00 5W,
A to.......... 5W5,W0500,

A to Gnd. 100,000 i 500,00J 51O
3 fB to Gnd. 500,O00 100,000 1 500,WO0 500,

A to B I5OOOXO ,500,000 500,

BC1663 _ _ _ _ _ _ _ oBi5000
A to GOd. 100,000 14,000" 3,C00 1,3W

4 B o nd. 50,o000 14,000 4,ooo 1,80 0 1
Ato B 50,1000 20 00 W 6, 000 3,6o0 2,

THmidity A to Gnd. 50,000 C.0,OW 4,0W., 2,200 1,
Chamber B to Gnd. i 40,)000 10,000 3,200 W 2,000 1 1,

(2) A to B 4o,000 o 15,000 9,090 3,coo 2,

A to Gid. 50,000 12,00o 6,0o 5,500 4, 4
6 B to G(d. 30,000 12,000 ) 9,000 9,000 4,

A to B 50 'O00 20,000 40,000 12,

SAto GW. 1 1 1 1 1

7 B to kK1. 1 1 1 1 1
A to B 2.5 8 1

450"F A to Grd . 1 1
(i) 8 B to God. 1 1 11 1

Ato B 1 1 1 1

Ato Grid. 1 1 1 11
9 B to Oad. 1 1 1 i

xD-911845 A to B 2.1 '3 1 1 2
B/A . . ... - --

AtoGad: 2,200 55 75 24
10 B to Ond. 2,4OO 75 60 38

A to B 4,300 130 95 60

Humidity A to W. 2,300 90 I 70 45
Chamber 11 B to G2d. 2,300! 60 40

(2) A to B 4,400 16 140 8ou

A to God. 2,100 -g90 T5 50
12 B to Gad. 1,900 90 70 5 I

A to B 3.9oo 180 160 90

Notes: Meauremnts were taken at 450"F in a forced draft oven.
Measurements were taken at 160"F in humidity chamber operated per MIL-E-5272A, 95% Relative

3) All values reported in megobis.
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,NCE OF IUTjAMLM FOh 4WO&F Ai'LI0O

Rrs. 24 r. 4 - 72 Hrt . 196 Rra 168 ars. 15r, Hrs. 216 llrs. 240 Fhr-.

'000 100,0),00 1W,0C0 1' 0 iuo() ) 1 00 5o, .5 , X- 50oo0 500,000
,000 ICC 00,2 ~ 130,00 '10 XJ, CKX 100,000 500,000 5LC., ( 0 500, 000 500,000

500,000 50)0,000 500,C000 500,000 _500,000 500,000O 500,000 _500,000

_0 10),000) 500, 0 0o,ooo 500o,000 500,o00 500,00 500,000 45o,000

o000 100,0 50,0o•0 oo,ooo 5,oo 500000ooo 500,000 45o,ooo
500000 4 500, 000 5 )00,0 j 500,000

100,000 I500,0u OW 5(U,"0 5kk,0oo) 500,000 500,000D 1500,000
1000 1O0,c00 ,CCO 500, 000 500,000 500,000 500,000 500,000
500,000 I 500,(X000 500, CO00,00~ !-

100 14,0" 3,000 1,3I(3CYKX))w 650t 6u 600 500
000o 14,00 ,000 1, 8W 1,3oo 6.5o 65c 6oo 4OO

1000 20," 8, 3, 600 2,40o 1,4o0 1,,300 1, 20 850

1000 l_,, LC•X. 2,2u>0 4, OkAI0 1,C 1,CA 900 60w
,000 10,000 3,200 2,0,0 1,200 8oo P50 750 550
000 15,000 9,00X0 3, •00 2,W,300 2,100 2, 500 .,300

000 12,000 8,000 5, 0C 4,000 9,400 2,500 2,300 2,000
000 12,00O 9,000 Q,000 4,300 1,100 1,500 1,200 2,300
000 1P_,000 -20,00- 4... ,000 1-2,00 COO,6oc 5,500 4,000 5,000

201 5 7 i 1 1 1 1 1
1 1 6 1 1 1 !

1 1 1 1 1 1 1 1
1 " 1 1 1 1 1 1 1
1 4 1 1 1 1 1 1

S1 J 1  4 1 1 1 11

' 5 I 75-42 3---1- -- 0 i0 6--
1o 15 6o3121 51

1oi 1o • 956 2 1 5 1 2 ]-5

3.o 1 701 1 6 1 :1. 13 8

Si0 75 60 3c 32 17 15 13 9

".00 130 958 75 5 32 302 22 15300 901! 70 4• 360 208 15 13
300 80 70I 4 35 19 16 14 90

1.30-'0 l .o90 t l•9 75 36 40 20 17810

f ft oven.
miber operated 'per MIL..E-5272A, 95% Relative Humidity
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Physical Properties
Potting Compounds

EYAWUATION cF POTINO COMuNDs FOR 5007F APPLICATIOmS

INTRODXCTION

Increasing temperature requirements in aircraft and missiles hare indicated a
need for high temperature potting compounds. Original preparations of leading
compound manufacturers showed good promise but left sone properties to be
desired. Recent advances in the state of the art have yielded compounds which
should be superior to the prototype materials. The purpose of this test is to
determine which materials are suitable for 500OF potting application.

CBJECT

To perform physical properties and electrical tests on potting compounds for
500'7 application.

CONCLUSIO

Dow Corning RTV 501 and Minnesota Mining and Mfg. EC 1663 were the most satis-
factory compounds tested. General Electric RTi 60 plus T-12 catalyst meets the
phbyical and electrical requirements, but has a short work life and is difficult
to mix properly. These conditions may be alleviated by use of a new paste
catalyst which became available too late to include in this test. G. E. RTV
81813 was the prototype material to RTV-60 and had unsatisfactory high tempera-
ture properties. Proseal 792 also had poor high temperature characteristics.

PROCZ3URE

I. Generalt All tests described herein were performed on the catalyzed and/or
cured sealant materials.

A. Application Time:

Application time was determined by extruding the mixed material from
a Semco Oun through a Senco 254 noszle at 90 psi pressure 6•o a tared container
for a measured period of tine. The volume of sealant per minute was computed.
The application time was taken as the time at which the extrusion rate had
dropped to 25 milliliters per minute.

B. Curing Rate Hardness

The sealant material was cast into a 1 1/4 x 3 x I/4 inch mold and
cured at room temperature for 72 hours. The instantaneous Shore A hardness
was determined on this specimen with a Shore A durometer.

C. Shrinkage:

The sealant was cast into a cubical mold approximately 1.0 inch on a
side and open at the top. The sealant material was cured 7 days at room tempera-
ture. The volume of the cube was accurately deterodined by the watgr displace-

nut method. The cube was placed in a circulating air oven at 500 F for 48
hours. The sealant was cooled to room temperature and volume redetermined.
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D. Non-Volatile Content:

Approximately three gram of mixed sealant were weighed accurately in
a tared glass container. TChe material was heated at 160*Y for 24 hours in a
circulating air oven. The material was cooled in a desiccator and reveighed.

E. Peel Strength:

One inch wide peel strength specimns were prepared:

1. Two x 2 13/8 x 0.064 inch panels of aloidined 707'5-T6 aluminum,
301 stainless steel and titanium alloy were primd with G.E. 88 67 Ailicone
primer. One half inch strips of aluminum 0.064 inch thick were attached to
the panels to form a cavity 1 inch x 1 3/8 inca.- This caYý was filled with
sealant and a brass screen placed over the vet seblant material.

2. Approximately 1/16 inch of sealant was extruded over the screen
and the whole assemnbly cured. Three specimens of each material and metal were
reserved as controls. Three specimens of each material and metal were aged
7 days in a 3% salt water solution. Three stainless steel and three titanium
panels of each material were aged 168 hours at 500&F. After aging the
specimens were peeled at 90* peel on a Scott Test Machine.

F. Low Temperature Flexibility:

A film 0.064 inch thick of each sealant material v~as cast on
1 x 6 x 0.032 inch sheets of stainless steel. The sealant was cured 7 days
at room temperature. Each specimen was aged 7 days at 500*F. At the end
of.-this period the panels were cooled to -65*F for four hours. While-at -65,0
the specimens were each bent around a 2 inch radius mandrel and observed for
C~ac king.

H. Sponging Resistance:

Hemispheres approximately 1 1/2 inch in diameter were cast of each
sealant material. After curing 7 days tbe materials were subjected to 500OF
and observed each hour for a period of four hours. Those specimens which were
still intact were aged a total of 24 hours at 500*F.

II. Electrical Tests:

A. Dielectric Strength:

Dielectric Strength was determined at room temperature.

B. Dielectric Constant and Power Factor:

Dielectric constant and power factor of RTV 81813 and DC 501. were
determined at 1 kilocycle. At a later date, the dielectric constant
and power factor of the two remaining materials were tested with a
direct reading bridge (Delsen D-K analyzer) at 10 kilocycles. The
power factor was determined simultaneously.

C. Volut, and Surface Resistivity:

Volume and surface resistivity were determined at room temperature.
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D. Insulation Resistance:

Four electrodes, formed by stripping 3/8 inch of the Teflon insula-
tion from four No. 20 A.W.G. wires, were imbedded in sealant contained in a
0.70 inch diameter aloained aluminum tube, 1 iLich lung. The sealant was
cured 7 days at room temperature. Insulation resistance was measured between
each lead and the shell at 500 V.D.C. potential. The specimens were raised to
500OF and insulation resistance remeasured. The specimens were aged a total
of 168 hours with measurements being made every 24 houcs.

E. Hih Potential Resistance:

Specimens prepared as in D. above were subjected to a potential of
2000 V RMS between each pin and the shell. Voltage was applied gradually at
the rate of 500 volts per second.

F. Humidity Resistance:

Specimens prepared as in D. above were exposed to 5 temperature
cycles of 500OF for 30 minutes followed by -65°F for 30 minutes. After these
five cycles the specimens were vubjected to 95% relative humidity for a
period of 14 days. Insulation resistance at 500 V.D.C. was measured at room
temperature after removal from the humidity chariber. The specimens were high
potential tested at 750 V RMS for 5 minutes at room temperature.
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____________ ___________FHYSICAL ; TI OF WeIViJI

)4ATN2AL APK'ICAT1ION SBDRY A S11UMAE WNt-V0IATIL1E
TIME HRS. * ARDIMS (vouiaE) cow'Mir 7 .0"S IN 3% SALT SOwLMI01

AFTM' 72 1 ra

0.3 . RTY 2 4+5 8-05%$ 98.5% 3 6 (2)1

81813 +1%

DC RTY 1.5 35 24.16% 98.1 5 5
501

O.E. RTN 0.5 53 8.10%( 98. Fr.
6o +1%
T-12

Ba 1663 3 45 7.05% 98.3.7

2ros45 28.74% 98.5 7
792_

iii'___ _TABU1 I
EIW1RICAL FROP1I¶'IES M~ FC~ITTLNG CCN.1

DI1LE IC I KC 10 M3 1 KyJ 10 KC RSSIrY RESIST

VOLTB/MXL f wH-cm. 01f''i.3

0. .I RTV 81813 20W 4.67 0.03f) 163X 01 570
.1% L-24 _____ ____ _____ ___ ___

D.C V2w 3.22 0.006 213 x10 27

1. 2. %W 6o 207 4.o 0.008 66 x iý:',

BC1663 205 24.3 0.009 67 X LC?

Prowa1 792 (G - U(1 1 L

(1) This material not tested electricalli duc t~c ,yx,)i.ng and/ou ieý.,w- ~ ~ 4
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Physical Properties
Potting ComMounds

DTE•RINATIOR OF PHYSICAL PARAMETSM OF
PROSEAL 793 CABLE MOLDI30 COW(")

INT1EDUCTIIN

A mixture of MIL-6 -8516 material and carbon black has been used in the past
as a cable molding compound. However, this material has not proven satis-
factory with regard to its physical properties. Coast Proesel 793 compound
was submitted and showed very good characteristics when fabricated into typi-
cal parts for which the material is to be used. For specification and design
purposes, it is necessary to determine some pbysical and handling character-
istics of thismaterial not already known.

OB=

To determine physical properties of Proseal 793.

CONCLUSION

Proseal 793 is suitable as a cable molding €cipound. The requisites of high
tensile strength and good abrasion resistance were met with no apparent defects.

MATERIAL

Proseal 793 cable molding compound, manufactured by Coast Proseal Company,
Los Angles, California.

PROCETJRE

GEMEAL: All specimens below were prepared from material which had received
27 inch vacuum for 45 minutes.

1. Specific Gravity: Specific gravity was determined.

2. Viscosity: Viscosity was determined with a Brookfield Viscometer using
a #6 spindle at 10 r.p.m.

3. Flow: The evacuated compound was placed in the Boeing flow Jig and the
plunger advanced. The time required for the material to flow 4 inches
was determined with a stop watch and calculated as inches of flow per
minute.

4. Extrusion Rate and Application Time: Extrusion rate was determined. This
curve was correlated with an arbitrary value for application time to
establish an index for determining application time.

5. Tack Free Time: Tack free time was determined for room temperature cure.
the tack free time was also determined for 180OF cure using the same method
used for room temperature. Tack free time was calculated from time of
removal from vacuum chamber.
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Physical Properties
Potting Compounds

6. Curing Rate Hardness: Hardness was determined using a Shore A durometer
after 24 hours and 72 hours at room temperature. In addition, hardness
wa determined at room temperature after aging 2, 4, and 6 hours at 18OF.

7. Abrasion Resistance: Abrasion resistance wvadwtermined using a Taber
Abrader with CS15 wheels and a 1000-gram load. Two specimens were each
rotated 5,000 cycles and the amount of war measured with a micrometer.

8. Low Temperature Flexibility: Low temperature flexbility was determined.

9. Tensile Strength: A 1/8 inch thick slab of Proseal 793 was cast in a
Teflo-coated mold. After curing 6 hours at 1800F, the material was cut
into dumbbell specimens using ASTMD4-1 2-51T die D. The specimens vere
pulled in a Scott Tested at 2 inch/minute.

REtULTS

Test data results are given in Table I and Graph I.

4(p
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Physical Properties
Potting Compounds

EVALUATION OF MATERIALS FOR USE AS ELECTRICAL ENCAPSULATION COMPOUNDS

INTRODUCTION

Sealant (EC-1293) has been used for encapsulating electrical connections. The
material specification by which EC 1293 is procured does not contain any electrical
requirements. On the basis of past success using EC 1293 and a verbal agreement
with the manufacturer that the formulation would meet certain electr;ical require-
ments and would not be changed, it was agreed to allow the continued use of this
material pending electrical test data of EC 1293 vs Proseal 727 filled with Quartz.

The handling and application characteristics of BC 1293 were two important reasons
for the original selection of this material for this application. However, the fil-
ling of Proseal 727 with quartz produces a material with comparable handling and ap-
plication characteristics.

The purpose of this test is to compare the properties of EC 1293 and Proseal 727
filled with quartz for use as an electrical encapsulation compound.

OBJECT

To determine if EC 1293 and Proseal 727 plus quartz meet the specifications for elec-
trical encapsulation by testing for:

A. Physical properties

B. Electrical properties

CONCLUSION

A. EC 1293 meets all physical requirements. The only physical test that Pro-
seal 727 plus Quartz failed was working time.

B. Proseal 727 passed every electrical test performed.

MATERIALS

1. EC 1293/1366, manufactured by the Minnesota Mining and Manufacturing Com-
pany, Dallas, Texas.

2. Proseal 727, manufactured by Coast Pro-Seal and Manufacturing Company, Los
Angeles, California.

3. Quartz, Grade P, manufactured by Charles P. Crystal, Ixc., New York, New York.

PROCEDLME

1. Preparation of encapsulating material.

a. EC 1293 was prepared by mixing twelve grams of catalyst EC 1366 per one
hundred grams of EC 1293.



b. Filled Proseal 727 was prepared by mixing Proseal 727 and quartz at a
ratio of 1:1 by weight and adding twelve grams of catalyst 727A per one hundred grams
of 727. The catalyst was added after Proseal 727 and quarts had been thoroughly mixed.

2. Testing: Each of the encapsulating materials was tested as follows:

a. Physical

1) Working time
2) Hardness
3) rinkage
4) Solids content
5) Adhesion
6) Corrosion
7) Iow-temperature flexibility

b. Electrical

(1) Resistance to arc: Not performed due to lack of equipment.

(2) Dielectric strength

(3) Dielectric constant and power factor

(4) Volume and surface resistivity

(5) Insulation resistance

(6) High-potenttal resistance

(7) Humidity resistance

(8) Moisture resistance

(9) Vibration resistance

(10) Flame resistance

(a) Overload of wire

(b) Open flame

RESUITS

Results of these tests are shown in Tables I and II.
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TABLE I

PHYSICAL TEST OF MATERIALS FOR USE AS ELECTRICAL ENCAPSULATION CCMPCUMDS

SEALANT WORK LIFE % SOLIDS HARDNESS SHRINKAGE

BC 1293 6 mRs. 99.42% 35 4.71%

727 + 40 MIN. 98.27% 65 6.30%
QUARTZ

T RESISTANCE TO LOW
SEALANT PEEL STRENGTH CORROSION TMiPERATURE

FLEXIBILITY

EC 1293 20 LB COHESIVE NONE PASSED
FAI LURE

727 + QUARTZ 9 LB. SCREEN FAILURE NONE PASSED
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Ph~ysical Properties
Stainless Steel

THEMAL CONII TIVITY OF A
BRAZED STAINLI8 STEEL H3MKE!COMB SANDWICH PANEL

IlTRODI.ETION

Data on thermal conductance of brazed stainless steel honeycomb sandwich
panels are required. While the thermal conductivity can often be calculated
by appropriate heat transfer waayses, it is believed that actual test data
are necessary to determine the validity of calculated data.

The CVC fabricated brazed honeyeomb sandwich panels wre submitted to Southern
Research Institute for thermal conductivity determinations. Because of ex-
cessive varpage of these panels at large temperature differential, Southern
Research was able only to provide thermal conductivity data at relatively low
temperature differentials with their existing equipemnt. Since a relatively
large temperature difference across the panels was desired, apparatus vas fab-
ricated at CVC which vould accomplish this objective.

oBJWT

To determine the thermal conductivity of a brazed stainless steel honeycomb
sandich pnel at various hot face temperatures up to 600*F and a constant
cold face temperature of approximately 2250F.

CONCLUION

The thermal conductivity of the brazed stainless steel honeycomb sandwich
panel evaluated was essentially a constant value of approximately 9 to 10 Btu-
in.!ft. 2 -flr.-*F at various hot face temperatures from 350OF to 600"F and a
constant cold face temperature of approximately 225*F.

The silver brazing alloy proved to be the primary mod of heat transfer. This
was due to the fact that the silver brazing alloy bridged across the panel by
capillary action, during the brazing cycle, in the node areas of the honey-
comb core.

The thermal conductivity of any silver brazed honeycomb sandwich panel will
depend to a large extent upon the amount of silver in the node areas of the
honeycomb core.

MERIALS

Brazed ouneycomb Panel --

The panel vas a 12" x 12" x 0.532" brazed, PH15-7Mo stainless steel
honeycomb vith nominal. 0.Olb" PH15-7M•o stainless steel faces. The honeycomb
foil was nominal 0.0015" thicknes having 3/16" cell spacing. The brazing
foil vas a 92.% silver, 7.3% copper, and 0.2% lithium alloy 0.002" thick
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prior to brazing. The finish on the faces was that which resulted from the
"as rolled" condition and the brazing cycle heat treatment.

The thermal conductance of the brazed stainless steel honeycomb sandwich panel
was determined using a vapor calorimeter apparatus designed and fabricated at
CVC. The vapor calorimeter type apparatus was chosen for this work because it
vas believed that inherent warping of the panel at large temperature differen-
tials would not affect the test results. Warpage can seriously affect the
test results when apparatus employing rigid beating and cooling plates is
used. In the vapor calorimeter apparatus, the heat flux through a test sec-
tion (sandwich panel) of the calorimeter is determined from the weight of con-
densate collected in a given period of time, and the latent heat of vaporiza-
tion of water.

In the vapor calorimeter apparatus (Figure 1) a brazed stainless steel sand-
wich panel was welded to and comprised the bottom section of a calorimeter
which was vented to the atmosphere through two air-cooled reflux condensers.
A center or metering calorimeter of known cross-sectional area was symmtri-
cally affixed to the center area of the panel resulting in equivalent guard
areas on each of the four sides of the metering zalorimeter. The metering
calorimeter was fitted witn a condAnser tube leading to the outside where the
tube was cooled with ice water and the distillate collected in a volumetric
flask.

The entire bottca face of the honeycomb panel was radiantly heated using two
hbnks of eight GE T-3 quartz lampc fitted with gold-plated reflectors. These
laps were placed approximately 14 inches below the specimen surface to mini-
mize gradient effects across the specimen face. The hot face temperature was
controlled by means of a Research, Inc., ignition controller (Figure 2).

Specimen surface temperatures were monitored using chrumei-alumel thermo-
couple wire. The ends of the thermocouple wire were spread and spatwided to
the specimen faces to insure good contact and to minimize film effects. The
tbermocouple leads on the hot face surface were coated with sauereisen cement
in an attempt to reduce excessively high readings due to radiant heat. The
leads on the cold face surface were coated with a thin epoxy coating. Various
areas on both sides of the panel were monitored. (Figure I).

Before initiating a test run, water is placed in both the guard and metering
calorimeter areas of the vapor calorimeter apparatus. When this water reaches
steady-state conditions, at its boiling point, a very high degree of distilla-
tion efficiency and a very low heat loss in the metering calorimeter should be
achieved. This is due to the fact that the water in the guard area and its
vapor phase and the rater in the calorimeter and itL vapur phsse would all be
at approximately the same temperature.

After assembling the apparatus rmaiant beat was applied to the brazed honey-
comb panel section until the entire apparatus had come to equilibrium. The
desired hot face temperature was pre-set and maintained by the ignition con-
troller. Steady-state conditions were determined by constant temperature

e~r4.
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readinp on both the hot and cold faces of the brazed pemel and by a steady
distillation rate of the vater from the metering calorimeter. In all dmter-
minations, at least 50 ml of water was distilled prior to beginning the timed
test run.

During the test, all thermocouples were read at a xmately 5-minute Inter-
vals to asoertain that steady-etate conditions existed.

The distillate was collected for an accurately timed interval of 30 to 60 min-
utee. Upon completion of the test run, the distillate was alloved to come to
room temperature and the volume accurately determined.

Knowing the hot and cold face tUerature, volume of distillate, time, heat
of vaporization of boiling water, area of the metering calorimeter, and
thickness of the penal, the thermal conductance of the panel was calculated
at each temperature condition. See Table I for results.

RESULTS

Table I shows the difference in thermal conductivity values that were obtained
using separate thermocouples and recorders to measure the hot face temperatures.
One of the hot face thermocouples led to the ignitran temperature controller,
which actually controlled the temperature of the hot face, and the other led
to a multichannel recorder. These recorders vere calibrated against each
other and with both a millivoltmeter and a calibrated thermometer over the
effective temperature range. It is likely that the difference in hot face
temrature readings was due to the inherent difficulties which exist in
measuring surface temperatures. Another possible contributing factor for
this discrepancy is that the temperature gradient across the hot face may have
been greater than expected.

The thermocouples on the cold face of the penel were coated with a thin epoxy
film.. In looking ast this coating in retrospect, it vas realized that the film
vould prevent free cooling of the thermocouples by the water. Figure 3 was
used to correct the cold face thtumocouple rdings.

It is interesting 'to note that the thermal conductivity values, employing the
vapor calorimeter apparatus, shoved an increase with a corresponding decrease
in hot face tementure and temperature drop across the specimens. By con-
tre•t, similar braied paiels, tested by SouthernResearch Institute employing
an AM3 C177 guardad hot plate appartus, showed an increase in conductivity
with a corresponding increase in hut face tersture aid. teerature drop
across the specimen. In addition, values obtained by the vapor calorimeter
method proved to be ouch nigner than t•tse obtained with the guarded hot
plate apparatus. However, different brazed honeycoub sandmich panels were
used in these two tests.

The discrepancies mentioned. above led to a metallographic examination of
another brazed. hmeyccamb sandwich panel in an attempt to explain the heat
transfer characterietics of this type of construction.
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Visual examination of this panel sbhved that a solidL colnm of silver brazing

alloy extended completely across the panel along the nodes of the honeycomb

cells. A portion of this panel was sectioned parallel to the faces at the
midpoint of the thickness of the specimen and mouated for mctallopaphii
study. This cross-section had an appearance as shoewa in Figure 4. The cross-
sectional arts of the silver brazing alloy in various nods aresm of this sec-
tion is shmm in Table II.

The cross-sectioaal area of the silver brazing alloy is the specimen examined.
proved to constitute approximtely 21% of the total metallic cross-sectional
area of the core. Therefore, the stainless steel honeycomb cell valls accoumted
for 1.91%, the brazing alloy 0.51%, and the air spaces 97.58% of the total
cross-sectional area of the cure.

Since the silver brazing alloy conducts heat at a rate of approximately
20 times that of the PM15-7mo steel and approxijmtely 10,000 times that of air,
a significant mouxt of heat ould. be transferred across the silver brazing
alloy in thealde areas.

The following calculations show that the brazing alloy, at Ž1% of the total
artaLlic cross-sectional area of the core, vould condact approximately 7 4%
of the total beat across the panel at a hot face temperature of 600F and. a
cold face temperature of 230PF:

1. Heat Flow by Condction:

KA - T2 )
t

Q- rate of beat flow, Btu per hour
K - thermal conuctivity, Btu-in./ft.2 -hr-_F
T1= hot face teperature

T2 - cold face. temperature

t = thickness
A - area

a. Q(silver at 415•F) = 2590 x 0.023 x 0.21 x 370°' 950 Btu
0.5

b. Q(Pl5-7mo foii-415*F) - 1 x 0.023 1670 Btu
0.5

2. Heat flow by radiation and conduction in the cellular air spaces of
the honeycomb core:

a. Radiation:

412 T 1

'E1  'C2

5(P



Physical Properties
Stainless steeL

Q - rate of heat flov, Btu per hour

- constaut (0.173 x 10-8)
T1 - temperature hot face in "F
Z, - temperature col& face in OF

- ewissivity of inside surfaces of hot and cold faces
(assumed to be 0.1 as these surfaces were higly

2 reflective)

Q (air at 415"F) = (1)(0.173 x 10-8)(10604 - 6904) 1 1
.1 .1

= 89 Btu

b. Convection:

Q - (h)(HR)(Ft2)(T1 - T2)

h -ck La (T- T,2)]•4

where a - 2g . [T 0

T, -T2 ~

- rate of beat flow, Btu per hour
h - beat transfer coefficient, Btu/HR-Ft 2 _-'F
g w gravity in ft/hr2
C = natural convection constant
k - conductivity of air at 4150F, Btu/Hr-Ft-OF

T1 -hot face temperature in "R

T2- cold face temperature in OR

L a characteristic length of core, ft.
P density in lb/ft3

XX adynamic viscosity lb/hr.-ft.

Cp- specific heat in Btu/lb. -F

(I) Solving for a :

a [2(21)(60) (0.045 2*)(0.245)1

io6o + 69o (0.064) (0.022)

a 16.7 x 104

(2) Solving for h - 1/4

h(air at 4155F) - (0.7)(0.022) 06
0113

- 4.16
*Value at 415F for air at

atmospheric pressure. The
atmosphere and the pressure inside
the calls is unknown.
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(3) Solving for Q :

Q _ (li)(ffl)(Ft2 )(Tl - TO)

Q - (4.16)(l)(l)(3T0) -

Them, percent of beat transfer by silver conduction
.9 2 5 W t 7 4
9250 + 1670 + 89 + 151Wo

The umexpectedly large mount of silver found in the nodes gave rise to
axemination of a longitudiaal cross-section of a brased specimen. This
cross-section ahowed that the silver brazing alloy filleted at the butt-
joints of the hoseycash foil - brazing alloy interface as shova in Figure 5.
The averpai height of the fillets was approximately 0.02" and presented
cross-sectional areas as shown in Table IMI. It is believed that the fil-
lating actioa of the silver brazing alloy will tend to increase the thermal
conductance of a brazed panel by offering little resistance to heat flow
along the effective height of the fillet. However, this effect was not
included in the heat transfer calculations.

The conductivity of silver decreases with an increase in temperature and the
conductivity of steel increases with an increase in temperature as shows in
Figure 6. Since the silver is the better condutor and the steel is of
greater volume, calculations show that the thermal conductivity of brazed
alloy Panels is essentially a constant value at various temperatre drops
with various amounts of silver in the cross -sectional area of the honeycomb
core (Figure 7).

It is believed that the amount of silver in the mode areas of ther honeycomb
will vary appreciablyfrm panel to panel and, perhaps, even in te same
panel. Since the thermal conductivity of a honeycomb panel will depend, to
a large extent, upon the cross-eectional area of the silver at tk* midpoint
of the thickness of the honeycomb, the thermal couctivity may vary appreci-
ably fro panel to panel. Figure 8 was prepared to show the change in ther-
mal conductivity of brazed panels that wuld occur with a change of silver
brazing alloy.
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TALE II

CR088-S6L'TONAL AREA OF 8ILVE BRAZI3 ALLO IN
_.MaUM tMn Mr • IT OF TrMnOMI OF F, -

Averap Arte of Sllver
gilver Area of Bivier in ?rlmaM6. of

Areas Trianguar in Man ftch Nods • djaed,,
Joints in. " I•.2

A 8.4. x (-5 31-.7 x lo -5
B 15.0 x 10-5

2 A 9.6 x lO"5 9.9 x 1o'5
B 10.2 x 10-5

3 A 6.5 x 10-5  5.8 x 1O-5
B 4.8 x lO-5

4 A 7.2 x 10-5 6.3 x jO-5
B 5.6 x 1O"5

5 A 2.9 x 10- 5  7.0 x 10-5
B i1.1 x 10"5

6 A 12.8 x 10- 5  10.0 x 10-5
B 7.2 x 10-5

7 A 10.7 x !0-5 9.0 X 10"5
B 7.2 x 10-5

8 A 13.2 x 10-5 10.8 x 10-5
B 8.4 x 1o"5

9 A 2.4 x 10- 5  8.4 x lO-5
B 14.Ai lo-5

10 A io.4 w 1o-5 12.0 z 10-5
B 13.6 , lO-5

11 A ii.8 x 10-5 12.4 x 10-5
B 13.0 x 10-5

12 A 7.2 x 10-5 5.1 z 10-5
B 3.0 x 1O-5

13 A 14.3 x 10-5 10.7 x I0-5

B 7.0 x I0-5

14 A 17.7 x i0o5 10.9 X 10-5
B 4.0 x 10-5

15 A 13.0 x IO" 5  12.2 x 10-5
B 11.4 x 10 5

Aversae area of silver triangles in all nodes exmminie - 9.5 x 10-5
A and B denote adjacent nodes. Section taken from approximately the
middle of the core.



TABLE III

LONGITUDINAL CROSS ECTIONAL AREA OF SILVER
BRA7.M ALLOY FILLET ArER BRAZI3

Average ArMa of Silver
Node Silver Area of Silver In Triaales ofTriangular in Triangles Each Node Exadned
Area Joints In. 2  In. 2

1 A 1.4 x 10-4 1.5 x 10-4
B 1.6 x 10-4

2 A 1.4 1.1 X 10-4
B 0.8 x I0"4

3 A 2.0 x lO4 .5 X 10"4
B 1.0 X 10-4

4 A 1.6 x 1o- 1.3 x 104
B 1.0 x 10"4

5 A 2.2 z 10"- 1.6 x 10-4
B 0.9 x, 10-4

Average area of silver trianues in all nodes examined (bottom side)
1.4 x l0"

1 A 1.3 x10-4  0.7 x 10o-
B 0.6 x 10-4

A 0.4 x ()-4 0.7 x 0-4

B 1.1 X104

3 A 1.0 x 10-4 0.3 x 10-4

E 0.5 x 10-4

0.5 x 10 0.6 x lo
B 0.7 x 10-4

5 A 0.9 X 104 1.0 X 10-4
B 1.0 x 10.4

Average area of silver triangles i, all nodes examined (top side)
= 0.7 x 10

A and B denote adjacent nodes
Average height oftriangular fillet - 0.020"



FIGURE 1
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FIGURE 2

SCEHB4ATIC OF POWER CONTROL SYSTEM FOR
RADIA.LTY HEATING BRAZED HONEYCOMB PANEL
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CORROSION AND MATERIAL EVALUATION OF ALLOY STEIL SMFPL
SUPPLIED BY VAIADIDM-ALLOYS STEL COMPANY AID LTROBE STEL CWGAPNY

A ALTNEATE MATERIALS FOR HMRAI•IC VALVES

IMN0DUCTIOf

In an effort to alleviate the problems associated with manufacturing por
control servo-valves, two stoel companies submitted sanwles of tool steels
for evaluation as possible replacement& for the 4MC steel alloy now commonly
eployed. The steels sum1itted uvr MGR punch and die steel, Heat No. 3761D;
01y..c FMI die steel, Heat No. 14908; Select B tie stoel, Heat No. 18088; Jet
Forge tool steel, Heat No. 30181; Vasco 7152 tool steel, Heat go. 28852; an
CK special tool steel, Heat No. 29660.

1. To detrmine corrosion resistance copaed with 440 when tested accord-
ing to military specifications MIL-E-5W72A, Aednt 1.

2. To determine micrustructure for indication of effect of heat tretment on
mechanical properties.

CC3NLIEID0S

1. The Jet Forge and Vasco 7152 steels exhibited corrosion properties comn-
parable to AISI 44OC. The corrosion properties of the other steels are
not equivalent to those of MOC.

2. The psripitation of carbides in the grain boumdaries of the two steels
after beat treatmt is not acceptable because of a red•ction in the
resistance of the material to intergranular corrosion.

MrIAL AND SPNI

Material Heat Nlmber

MDR punch and die steel 3761D
Olympic FM die steel 1i908
Select B die steel 18088
Jet Forge tool stee-1 30181
Vasco 7152 Tool steel 28852
CX Special tool steel 29660

PR0CEUR

1. Three-inch lengths of the sumple material were rough machined andL hat
treated to the 300,000 psi range (Rockwel 58-60) using procedures
presented in Table I.

2. The heat treated smiples were ground. to a surface finish of FOB 32.



3. The samples wre placed in a humidity chamber for 240 hours at a
huadlty of 95% and tsieratures as set forth by paragraph 4.4.1 of
military specification 34L-E-5272A, A.abot 1.

RESULTS

Table I presents the heat treatent used on the corrosion speclmens. The
caposition of' the tool steels submitted. for evaluation is presented in
Table II.

The samples of Vasco 7152 and Jet Forge steels appeared to have better cor-
rcion resistance than any of the steels tested, and equal to that ehribited
by AISI 4MC. However, the microstructure of the steels after heat treat-
ment is unsatisfactory because of the migration of carbides to the grain
boundaries. Although the corrosion properties of the other steels were not
equal to those of 44WC, two of them did exbit good microstructure after
heat treatment. Both of these steels have a unifou martinsitic micro-
structure vith vall-distributed carbides and no evidence of grain boundary
outlining.

lo



TABLE I

HEAT TREATMUT USED ON TOOL STEIL CORBOSION WWBCIM(

1 )(;R OLYMPIC IN SLIACT B PH JET FOfGE CK SPECIAL VASCO 7152

Pr•-et 1250"F 200-50"F U20-1i00• F 1550"F 1550*F 1550F

Austenitise 1825-50F 185-50"F 1725-1750"F 1925F 1850-75F 1925-50"?

Tim at Tamp. 1 hour 1 hour 1 hour 3/1 hour 3/4 hour 3/l hour
1 inch

Quench Air Air Air Air Air Air

Temerring 40OF 500°F 5DOOF 1004?F 3504F 925*FTemperature

Tampering
Time 5+ 5 hr. 5+ 5hr. 5+ 5 hr. 5+ 5hr. 6+ 6hr. 6+ 6hr.

TABLE II

COWOSfITION OF TOOL STMU SUW4ITED FOR EVALUATION

1 MGR 0.55C 5.00Cr 1.20 Mo 1.20 W 0.30 Mn 0.95 Si

2 Olympic FM 1.50C 12.0OCr 0.75 Mo 1.00 v 0.30 Mn 0.30 Si

3 Select B 1.OOC 5.25Cr 1.10 Ho 0.25 V 0.70 Mn 0.30 Si

4 Vasco 7152 1.70C 17.50Cr

5 Jet Forge O.45c 8.0OCr

6 CK Special 0.85C 10.75Cr
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ZIRCONIA MELTING POINT DETERMINATION

INTR0DUCTION

One of the principal requirements of a material for nose cone application is
a high mrelting point, The purpose of this evaluation is to determine the
melting point of a series of zirconi- and zircon materials.

Twelve zirconia compounds and two zircon compounds were submitted to the
Structures Materials Laboratory for evaluation in the 40 1(W Plasma Arc
Facility.

OBJECT

To determine the melting point of several zirconia and zircon materials.

CONCUWSION

The melting point of fourteen materials was determined and relative emissivity
values were calculated at the melting point. The melting point range of the
zirconia materials, was 4580 to 48OO7*.

MAT&MIAJS

The zirconia materials listed in Table I were purchased from Zirconium Corporation
of America and the Astroceram A and B materials were received from Instrumentatiom
Associates.

PROCKEOE

1. All specimens were tested in duplicate except the 8% yttria, 4% lime and
the Astroceram A and B cements.

2. The 0.5 inch diameter x 1.0 inch long specimens were mounted perpendicular
to the 40 KW plasma flame and held in position with a zirconia brick.

3. The temperature was measured using both the radiation and optical
pyrometers. The pyrometers were mounted as a single unit to allow the
instruments to be focused on approxlmately the same area.

4. The torch was moved in at intervals of 0.06 inches when the temperature
approached the melting point.

-it



5. The melting point was defined as the flow of molten material at the

sample surface as observed through an optical pyrometer.

6. The relative emissivity was determined by:

(a) Measuring the temperature difference between the optical
and radiation pyrometers.

(b) Reading the emissivity off the parametric graph which was
derived from the emissivity correction data for each of the
instruments.

REULTS

1. The results of the proceeding test are tabulated in Table I.

T5



TABLE I

MELTING POIM DATA OF ZIRCONIA AND ZIRCON MATNrIALS

._ . I *1" mMI. IVITY

mum SAMPLE DESCRIPTION OPTICAL R 0M

1 Zirconia +3$ CaO - Coarse Molded 4720 45o 0.74
2 Zirconia +3$ CaO - Coarse Molded 4720 4400 0.70

3 Zirconia .+4 CaO - Coarse Molded 4580 4190 o.64

4 Zirconia +4$ COo - Coarse Molded 4640 4400 0.77

5 Zirconia +4% CaO - Coarse &ctruded 4660 4400 0.79

6 Zirconia +4% CaO - Coarse Extruded 4640 4300 0.69

7 Zirconia +4$ CaO - Fine Molded 4660 4025 0.62
8 Zirconi. +4$ CaO - Fine Molded 4680 4475 0.80

9 Zirconia +5% C8O - Coarse Molded 4660 4450 0.80

10 Zirconia +5$ CaO - Coarse Molded 4640 4400 0.78

11 Zirconia +4% CaO +3% CeO2  Coarse
Molded 46B 4430 0.76

12 Zirconia +4% CaO +3% CeO - Coarse
2 Molded 4680 4350 o.69

13 Zirconia +4% CaO - Cement Molded 4680 4350 0.66

14 Zirconia +3% Y2 03 - Coarse Molded 4760 4400 0.67

15 Zirconia +3$ Y2 03 - Coarse Molded! 4760 4425 0.69

16 Zirconia +8% Y2 03 - Coarse Extruded 4740 *

17 Zirconia +8$ Y2 0.3 - Coarae Extruded 470 *-

18 Zirconia +12% Y203 - Coarse Molded 4800 4325 0.60

19 Zirconia +12% Y2 03 - Coarse Molded 4800 4475 0.70

20 Zirconia 48% Y203+3% CeO - Coarse Molded 4760 *

21 Zirconia 48% Y2 0 3 +3% CeO - Coarse Molded 4780 *

22 Zirconia % Y203 - Cement Molded 4780 4600 0.82

23 Astroceram A - Cement 3820 3600 0.74

24 Astroceram B - Cement 3840 3625 0.75

* Nozzle of torch blanked off radiation pyrometer
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PHYSBICAL PROM T ON SINEM ZIOI•NIA

INTMUCTION

To better -Aerst&rA the behavior of sintered tirccmia at elevated temperaturws,
the folloving properties need be obtained: apparent porosity, impervious vol-
um, and bulk density. This date shaold be made available so that a correlation
can be mde with thermal response and physical strength data.

Ultimtely, peramtear established on test data and physical property measure-
mats would enable design of thermal insulation systm.

OBETT

To determine the physical properties of zircoa sintered zirconia.

CONCLUSION

The apparent porosity, impervious volume, and bulk density were successfully
determined for 20 zirconia materials.

All materials measured ware obtained from Zirco Corpnration of America, Solon,
Ohio. See Table I for tabulation of materials exmined in this survey.

PRO0CEMUR

The procedures followed in this test are as outlined in reference (a). A aon-
densed outline of this procedure is as follow:

A. Dry Weight, D . Weight all specimen initially.

B. Impregnation with vater. Boil weighed specims in distilled Vater
for 5 hours. Allow to cool and soak for an additional 24 hours.

C. Suspend Weight, 8 . Weight specimens immersed in water to obtain
saturated displa~mmnt wight.

D. Saturated Weight, W . Blot specimens lightly with a damp cloth to

remove mess vater frm surface and weigh.

E. Calculations rere:

1. Exterior Volume, V cu. Cu.

V-W -B

2. Volume of open pores and impervious portion

Volume of open pores, cu. am. - W - D

Volume of impervious portion, cu. ca. - D - S



3. Apparent Porosity, P .

W -D

V

4. Water Absorption, A

A- W "D 100 -x
D

5. Appar*nt Specific Gravity, T

D
T - D - 8 gm/cu. Ca.

6. Bulk Density, B

D

B = D gos/cu. cm.

Conversion to lbe./cu. in. - 0.036 x gm/cu. cm.

R1LUTS

1. T•enty of the 26 desiguated materials were measured by the ASTM procedure.

2. All physical property data are tabulated in Table I.

ýp



YPLAIC&L PROPEERT'A ' MP-

Dec rt n. .Dry Immer. d Saturated f
Specimen• Texture rCoriatenwT, Weight Weight IWelht Vo

No. Stasbilization Fabricatiod (vi) 8 (go) wk

a 5% CXAO Molded Coarse. 15.05 12.32 15.84 3

b 4% CaO I•olded Coarve mogenou 17.6 114.08 17.74 3

c 4% Ca86 Extruded FJ ne !Homogeneous 12.21j 9.89 12.22 2

d 4% C30 RX I jed Coarse cm',neo. 17.7T3 14.67 18,53 3
1 '717

e 3* Ca0 Ccmrse Hetero~gneo, 16.4c '13.59 17•13 3

if Y•0 4  ?oidfd Coarae RHomogeneous I 114.4 112.27 15.71 3

h * Y0 (I- iN trtA d i Coarse HcTogeneous 5.83 4.84 6.21 1

Si Y,(), I-10 fed Ccrs,!? fIeterageneous 15.80 13.09 16.53 3

X b *Y 203  3Cemnt 3 -.3 37.27 9.

1 cat )Q - 1 32 , 26b53 34.53 8,
m 8%Y20 ' ruled Fine HCoogeneous 5s. 4.66 5.81 1.

2 a 5% Cac lo1.1ed pine HomogeneOus 18.3o 114.,-4 18.32 3.

b 5% C&( 2xtruded Fine rHovwýgereous 5 5.43 4.44:1 5."4 1.

d 4% Cno EatrideJ Coarse Iotomogeneous 10.78 8.90 i 11.26 2.

e 4$ Cac Molded Fine H amog.enecne , 21.,-%4 i17.48 21.26 3.

f 3% CaO Extruded Coarse Homogeneous 7.35 6.13 7.59 1.

g % Y 0 Extruded Firie fHomogeneous 7.29 -.05 7.54 1.

i 3 0 2ctrided Coarse iIHeterogeneous 6.73 5.58 7.07 1.

3% CaO0  Molded Coarse ;Homogeneous 11,59 9.6 12.45 2.

m E4 Yo G

4% CaO t Moided Coax-se lHomogeneous 17.09 114.21 17.93 3'
2
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god Satuxated &terio rVolumeeo o of Apparent Void Apparent Bulk
t Weight) volu- Iopen Poreal Impervious Porosity VOluMe Specif ic Density

%) w (g) V - W-D portions P-W-D x 100 A-W-D x 1 ravity
,D-s D T-D VT em./i-.

15.84 3.52 0.79 2.73 22.40 5-25 5.51 4

7.74.68 2-98 18.58 .99.72 4.66 .168

12 .22 2.33 o.o.-1 2.32 0.43 o.08 5.26 5.24 .188

18.53 3.86 0.75 3.1i 19.43 4.22 5.72 4.61 ,166

17.13 3.54 0.64 2.,90 t8.08 3.88 5.(-9 4.66 16e

15.71 3.44 1.07 2.37 31.2 7.30 6.19 4.28 .154

Q.' .1.37 0.38 0.99 27.74 6.52 5.89 4.26 .154

16.53 3.44 0.73 2.71 21-.22 4.62 5.83 4.59 .165

37.27 9.15 3.34 5.81 3b.50 9.84 5.84 3.71 .134

34.53 8.00 2.27 j.73 29.38 7.04 5.63 4.03 .145

5.•± 115 0.01 1.14 0.87 0.17 5.09 5.04 .182

18.32 3.68 0O ,o- 3.-66 0.54 0.11ii 5.00 4.97 .179

5.4 1,04 0.01 1 .03 0.96 0.18 5.27 5.22 .188

11.26 2.36 0.48 1.&2 O.33 4.45 5.73 4.57 .165

21.26 3.78 0.02 3.76 0.53 0.09 5.65 5.•2 .203

7,5Q i.4t, 0.24 1.22 16.41 3.27 5.92 5.0"2 .181

7.54 1.49 C.30 1.24 20.13 4.96 5.88 4.89 1.176

7.07 1.4o .82 6.09 4585 .52 .162

1 12.45 2.77 0.86 1.93 31.0 7.42 6.OO 4.18 .150

1 .93 3.72 U.84 2.8e 1 22.58 4.92 H5.93 4.59 .i7

-- -~---- 4-- - -


